Introduction
Today, retirement provisions in the western hemisphere -be they private or publicly organized -are up against the general problem of longer periods of retirement due to a rise in average life expectancy while a declining birthrate 1 is contributing to reducing the size of the labor force. In a direct consequence thereof, governments and pension funds now find themselves in a situation of decreasing contributions but increasing expenditures. Retirement plans and pension funds, which are based on the funding principle, are therefore forced to increasingly rely on capital gains and hence on the investment performance achieved on capital markets.
The dependence on the investment performance has also increased in the second pillar of the Swiss retirement provisions system. Moreover, Swiss pension funds have to guarantee high returns on the savings and pensioners' covering capital. Considering administration costs and provisions for longevity and value fluctuation reserves, an average Swiss pension fund requires a long-term investment return between 4 and 5 percent to keep its financial balance intact. Given the high return guarantees, however, it is crucial for the stability of the Swiss retirement provision system to have pension funds realize adequate riskadjusted investment returns. Although Switzerland has a well developed occupational pension scheme with a long tradition, so far little research has been done on the investment performance of Swiss pension funds. Previous research is limited to the performance of collective investments of Swiss pension funds such as investment foundations (Ammann, Haeller and von Wyss, 2002) . In this article, we investigate the performance of domestic and international bond and equity portfolios of Swiss pension funds over the period of 1996 to 2006. Moreover, we examine the Swiss legal investment regulations and their influence on the investment strategy of pension funds within the analyzed asset classes. Finally, we compare the performance and investment strategies of pension funds with Swiss investment foundations 3 . Analysis in this respect will derive from a data sample consisting of 73 pension funds and 13 investment foundations provided by the Swiss Pension Fund Association (ASIP) and the Conference of Managers of Investment Foundations (KGAST) 4 . The article is structured as follows: In Section 2, we review the previous research on the investment performance of pension funds. Section 3 provides a brief overview of the investment regulations for Swiss pension funds. Section 4 provides a description and an initial characterization of our data set while Section 5 presents the models of performance measurement for equities and bonds. The results of the performance analysis are presented in Section 6. The persistence of the empirical results is verified in Section 7. Finally, Section 8 will draw the final conclusions.
Literature
So far, little research has been done on the investment performance of Swiss pension funds. Ammann, Haeller and von Wyss (2002) examine the performance of domestic and international equity portfolios of six Swiss investment foundations over the period from January 1995 to September 2002. They find no 5 Equally-weighted performance before management fees of the equity portion of the funds (cash excluded) in comparison to the S&P 500 Total Return Index from 1983 to 1989. 6 For U.S. pension funds' average effective asset allocation see Brinson, Singer and Beebower (1991) , for U.K. pension funds' average effective asset allocation see Thomas and Tonks (2001) .
systematic effect of security selection and partly negative returns from market timing. The authors emphasize that for Swiss investment foundations, on average, the risk-adjusted performance of domestic equities tends to be higher than the performance of international equities. In contrast to the limited literature on the investment performance of Swiss pension funds, there is broad evidence on the performance of U.K. and U.S. pension funds' equity holdings. Beebower and Bergstrom (1977) and Ippolito and Turner (1987) both find that the average performance of U.S. pension funds' equity holdings lags behind the S&P 500 on a risk-adjusted basis. Examining 769 U.S. pension funds, Lakonishok, Schleifer, Vishny, Hart and Perry (1992) find that the equity performance of funds underperforms the S&P 500 by 1.3 percent per year from 1983 to 1989 5 . However, they make no risk adjustment and do not distinguish between security selection and market timing skills. Coggin, Fabozzi and Rahman (1993) were the first to investigate the security selection and market timing performance by analyzing a sample of 71 U.S. equity pension fund managers for the period of January 1983 to December 1990. They find out that the average contribution of security selection is positive and the average timing ability negative. However, these findings are not corrobated by more recent research. Thomas and Tonks (2001) investigate the performance of the domestic equity portfolios of 2,175 U.K. pension funds over the period from 1983 to 1997. Returns from security selection and market timing are both negative. On average, they find no statistically significant outperformance or underperformance. Moreover, Timmermann and Blake (2005) and Blake and Timmermann (2005) analyze a panel of 247 U.K. pension funds' foreign equity holdings from 1991 to 1997 and find negative returns both from international market timing and from selecting stocks within individual foreign regions. The average fund underperformed a passive global equity benchmark by 70 basis points per annum on a risk-adjusted basis. Moreover, the authors reveal that the underperformance in international stocks is substantially greater than in their domestic equity market.
Not surprisingly, research on the investment performance of U.S. and U.K. pension funds is focussed on equities because, on the average, equities account for 50 to 70 percent 6 of pension funds' assets in these two countries. Nevertheless, there 7 In a multiple-asset-class performance analysis, market timing is the contribution from variations in the allocation of funds across asset classes. Security selection is the contribution from allocation of funds within asset classes. 8 The analyzed asset classes are domestic and international equities, domestic and international bonds, index-linked bonds, cash as well as domestic and international property. 9 Article 71 of the Swiss Federal Law on Occupational Old-age, Survivors' and Disability Pension Plan. In addition, Articles 49-60 of the Ordinance on the Occupational Old-Age, Survivors' and Disability Benefit Plans (OOB2) .
are some systematic multiple-asset-class investigations of pension funds 7
. Brinson, Hood and Beebower (1986) and Brinson, Singer and Beebower (1991) were the first to examine investment performance of multiple-asset-class pension fund portfolios by analyzing active investment decisions of large U.S. pension plans. They find no statistically significant contribution of security selection and market timing. Overall, they find no statistically significant outperformance or underperformance of pension funds in relation to their policy benchmarks. Examining the asset allocation of 306 U.K. pension funds from 1986 to 1994, Blake, Lehmann Timmermann (1999) find even negative average returns from market timing across asset classes 8 . Summarizing, previous research on the investment performance of pension funds provides little evidence for superior performance of pension funds relative to passive benchmarks. In fact, the contribution of active management seems to be even negative. Finally, the risk-adjusted performance of domestic asset classes tends to be higher than the performance of international asset classes.
Investment Regulations for Pension Funds in Switzerland
The Swiss Federal Law on Occupational Old-age, Survivors' and Disability Pension Plan (LPP) contains regulations to which Swiss pension funds must comply for their investments. In fact, pension fund assets have to be managed prudently to ensure the safety of assets, achieve a reasonable return on investments, maintain a suitable diversification of risks, and allow for the liquidity requirements of the plan 9 . Moreover, Swiss pension funds are faced with quantitative limits to their investments in equities, bonds, mortgages and real estate. The currently imposed limits include an overall limit on equities of 50 percent including domestic and international equities. There are also sub-limits on domestic equities (30 percent) and international equities (25 percent). The limits on bonds include a 20 percent constraint on foreign currency bonds and a 30 percent constraint on foreign CHF bonds. In addition, there is a limit on domestic real estate of 10 Article 59 of the Ordinance on the Occupational Old-Age, Survivors' and Disability Benefit Plans (OOB2). 11 Compare 8th edition of the Swiss Institutional Survey (Lusenti, 2007) . 50 percent and 75 percent on mortgages respectively. Additional limits are placed on combinations of asset classes. The total share of foreign currency investments may not exceed 30 percent. Finally, there is a combined limit of 70 percent on equities and real estate.
Since 2000 the quantitative limitations can be exceeded if the pension fund is able to justify them as part of a prudent investment policy 10 . According to recent surveys 11 , almost 80 percent of the Swiss pension funds utilize of the prudent investor rule and exemptions from such quantitative limitations have thus become the rule. Furthermore, quantitative limitations particularly impact the strategic asset allocation of pension funds, but are less relevant to the investment strategy within the individual asset classes, which is the focus of this article. In contrast, the safety principle as well as the liquidity requirements mentioned above are likely to impact the investment strategy within asset classes since pension funds consider both principles when they define their internal investment regulations.
Internal investment regulations of Swiss pension funds often contain certain minimum credit ratings for bonds. For example, the Swiss Federal Pension Fund "Publica" requires a credit rating of at least A3 (Moody's) for domestic and international bonds. Furthermore, bond investments are often confined to certain minimum issue volumes to satisfy the liquidity requirements. As a result, bond portfolios of pension funds are expected to develop a leaning towards government bonds since these bonds tend to have higher ratings and larger issue volumes.
Equally important for stocks and bonds are self-restraints on the range of investment. Admissible investments are often limited to the constituents of the respective benchmark index. For example, domestic equity investments of the Swisscom pension fund "comPlan" are restricted to SMI and SPI constituents. Since the selection criteria of the commonly used benchmark indices often contain minimum requirements in respect to credit quality, issue trade volumes, bond portfolios are expected to develop a leaning towards government bonds and of equity portfolios towards large caps.
Summarizing, investment regulations for Swiss pension funds are not expected to have any direct impact on investment strategies within the individual asset classes. However, statutory investment regulations are expected to have an indirect impact, since many pension funds apparently subject themselves to more 12 Watson Wyatt is one of the largest consultants to institutional investors. 13 2 of the 73 pension funds stopped participating in the performance comparison. constraints than required by the regulations. We hypothesize that these selfconstraints impact investment strategies in favor of government bonds and large caps.
Data
Watson Wyatt 12 and the Swiss Pension Fund Association (ASIP) provided an anonymized sample of monthly performance data from 73 Swiss pension funds over the period from January 1996 to June 2006. The data are from the so-called "ASIP Performance Comparison", a comparison of Swiss pension funds' investment performance conducted by Watson Wyatt on behalf of the Swiss Pension Fund Association twice per year.
In general, there are monthly performance data on domestic and international bond and equity holdings for each pension fund. However, the data sample is not complete for all of the 73 pension funds. A majority of the pension funds has joined the performance comparison later than 1996. Thus, performance data is not available for all pension funds from January 1996 to June 2006. Moreover, some pension funds do not report performance data for all asset classes separately, but only for selected asset classes or even only for total assets. International bond and equity portfolios that are not globally diversified across multiple regions or currencies, such as Equities North America, Equities Emerging Markets or Bonds Euro, are excluded from the analysis. Table 1 reports the size of the data sample per asset class for the years 1996 to 2006.
The data is free of survivorship bias since it also includes time series of pension funds that stopped participating in the performance comparison 13 . Our sample can be considered representative with respect to pension capital coverage. With assets of about CHF 150 billion as of June 2006, the 73 pension funds in our sample account for about 20 to 25 percent of the assets of all Swiss pension funds. In contrast, our sample is not representative with respect to size distribution. With an average pension fund size of almost CHF 2 billion, the data is biased towards larger pension funds. As a result, an overestimation of the risk-adjusted performance of pension funds cannot be ruled out since previous research uncovered a positive association between pension fund performance and the size of pension funds (Ambachtsheer, Capelle and Scheibelhut, 1998 As shown in Table 2 , performance data is not available for all investment foundations over the entire period of investigation. Some investment foundations did not participate in the performance comparison from the very start or were founded after January 1996. Moreover, some asset managers do not offer international bonds or equities with a global investment universe, i.e., the offering does not contain products that are diversified across multiple regions or currencies. For example, LODH's product offering does not contain international bonds, whereas Zurich offers international bond and equity products only for selected currencies (USD, EUR) and regions (Europe, U.S., Japan, Emerging Markets). The investment foundation performance data is free of survivorship bias since no investment foundation stopped participating in the performance comparison. Finally, our sample is deemed representative because it covers all large investment foundations in Switzerland 15 . The investment performance of pension funds is calculated by Watson Wyatt in gross terms before the deduction of any management fee and fund administration costs but net of all direct trading costs and embedded fees. In contrast, the performance of investment foundations is based on the net asset value and is 
where NAV Start,i,t is investment foundation i's net asset value at the beginning and NAV End,i,t is its net asset value at the end of the year t. As already stated, the investment performance of pension funds is provided in gross terms. However, only the net performance allows for a fair assessment of active and passive management. Therefore, we additionally estimate the net performance of pension funds. Since the sample is anonymized, we use the costs of investment foundations to estimate the net performance of pension funds. In sum, the gross performance of pension funds and net performance of investment foundations are the original performance data, net performance of pension funds and gross performance of investment foundations are estimates calculated to make the performance of pension funds and investment foundations comparable. Table 3 shows the estimated costs of investment foundations for asset management and fund administration. The estimated costs of AAA's domestic and international equities deviate extremely from the average. While estimated costs are far above average for AAA's domestic equities, the costs of AAA's international equities are strongly below average. The allocation of costs between domestic and international equities might be potentially biased. Therefore, we exclude AAA's domestic and international equities from the performance analysis.
An initial impression of our data sample is provided in Table 4 . It shows the annualized mean figure of the cross-sectional average of returns and the crosssectional average of the volatilities of pension funds, investment foundations, and of the respective benchmark indices. The set of benchmark indices includes the Swiss Bond Index (SBI), the Lehman Global Aggregate Bond Index, the Swiss Performance Index (SPI) and the MSCI World Index. All of the benchmark indices are total return indices. These benchmark indices have the virtue of being independently calculated indices that are immediately publicly available and widely used for performance measurement in Switzerland.
Models of Performance Measurement
A fair assessment of the investment performance requires an asset pricing model to estimate risk-adjusted benchmark returns. This section briefly describes the models used for the risk adjustment.
Performance Measurement of Bonds
Alternative asset pricing models for bonds are the Capital Asset Pricing Model (CAPM), the three-factor model of Fama and French (1993) involving a default and a term factor as well as the multi-index models proposed by Blake, Elton and Gruber (1993) . Furthermore, Elton, Gruber and Lake (1995) proposed a six-factor model including a bond and a stock market index, a factor representing default risk, a measure of the returns on mortgage securities as well as two factors incorporating unexpected changes in macro-economic measures of inflation and GNP growth. Our performance analysis of bonds is based on the model of Elton, Gruber and Lake (1995) . In contrast to the original model, we have chosen to omit both expectational macro-economic variables and the returns on mortgage securities. These variables are difficult to construct as "global" factors explaining the returns of global bond portfolios. Our performance measurement model for domestic and international bonds therefore includes a bond and a stock market index as well as two factors representing term and default risk:
R i R f represents the monthly returns of pension fund or investment foundation i in excess of the 1-month CHF LIBOR. For domestic bonds, RBMRF is the excess return of the Swiss Bond Index (SBI), for international bonds it is the excess return of the Lehman Global Aggregate Bond Index. RSMRF is the excess return of the Swiss Performance Index (domestic bonds) and of the MSCI World Index (international bonds), respectively. TERM is a zero investment, factor-mimicking portfolio representing the risk of unexpected changes in interest rates. For domestic bonds, it is the return of the Citigroup World Government Bond Index Switzerland 10Y 16 minus the return of the Citigroup World Government Bond Index Switzerland 1-3Y
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. For international bonds, it is the difference between the return on the Citigroup World Government Bond Index 10Y and the return on the Citigroup World Government Bond Index 1-3Y. TERM thus represents the average return difference between long-term and short-term government bond portfolios. DEFT represents a zero investment portfolio mimicking the default factor. It is defined for domestic bonds as the average of the returns on the SBI Domestic Non-Government and the SBI Foreign Corporate minus the average of the returns on the SBI Domestic Government and the SBI Foreign Government. For international bonds it is the return on the Lehman Global Corporate Index minus the return on the Lehman Global Treasury Index. Therefore, DEFT is the average return difference between corporate and government bond portfolios. Finally, the intercept D i is a measure of pension fund or investment foundation i's performance relative to the four-factor benchmark. A positive intercept suggests a superior performance, and a negative intercept suggests an underperformance relative to the four-factor benchmark on a risk-adjusted basis.
The bond factor correlations are reported in Table 5 . In order to cope with the problem of multicollinearity, factors with correlations above 0.5 are orthogonalized 18 According to Beck and Katz (1995) the PCSE specifications adjust for the contemporaneous correlation and heteroscedasticity among returns as well as for autocorrelation within each pension funds' and investment foundation's returns.
before being used as regressors. It should be noted that the reference period for international bonds is from January 2001 to June 2006, whereas the reference period for domestic bonds is from 1996 to 2006. We had to shorten the reference period for international bonds because historical data on the required global bond indices is not available until the year 2001. Finally, the performance measurement model is estimated with panel-corrected standard errors (PCSE) according to Beck and Katz (1995) 18 . For international bonds, we adopt an additional model of performance measurement. To capture potential currency effects, we follow Detzler (1999) and expand the benchmark model by exchange rate factors. Since USD, EUR and JPY account for almost 90% of the Lehman Global Aggregate Bond Index we include these three currencies in our model. The factor loadings on the currency returns could give some indications of the currency allocation. All currency returns are orthogonalized before being used as regressors. 19 Momentum factor for the Swiss stock market of Ammann and Steiner (2008) was not yet available at the time of the analysis. 20 We use the Global Broad Market Index including 27 countries for international equities and the Broad Market Index Switzerland for domestic equities.
Performance Measurement of Equities
Potential models of performance measurement for equities are the single-factor Capital Asset Pricing Model (CAPM), the three-factor model described by Fama and French (1993) and the four-factor model of Carhart (1997) . We adopt Fama and French's three-factor model for our performance analysis 19 :
where R i R f represents the monthly returns of pension fund or investment foundation i in excess of the 1-month CHF LIBOR. RSMRF represents the return of the Swiss Performance Index (domestic equities) and the MSCI World Index (international equities), respectively, in excess of the 1-month CHF LIBOR. SMB and HML are returns on zero-investment, factor-mimicking portfolios for size and book-to-market equity. Finally, the intercept D i is a measure of pension fund or investment foundation i's risk-adjusted performance relative to the threefactor benchmark. We use the S&P/Citigroup Broad Market Index (BMI) to construct the factormimicking portfolios for domestic and international equities 20 . The BMI has two sub-indices, the Primary Market Index (PMI), which represents the top 80% of market capitalization in each country, and the Extended Market Index (EMI), which represents the bottom 20% of the market capitalization in each country. Both the PMI and the EMI are further divided into a growth and a value style index. Thus, four BMI sub-indices result: PMI Growth, PMI Value, EMI Growth and EMI Value. The size-factor-mimicking portfolio SMB (small minus big) is the difference between the average of the returns on the two small cap indices, EMI Growth and EMI Value, and the average of the returns on the two large cap indices, PMI Growth and PMI Value. Thus, SMB is the difference between the returns on small and big stock portfolios with about the same weighted-average book-tomarket equity. Therefore, this difference should be largely free of the value factor in returns. Finally, HML (high minus low), mimicking the book-to-market equity factor, is the difference between the average of the returns on the two value indices, PMI Value and EMI Value, and the average of the returns on the two growth indices, PMI Growth and EMI Growth. The two components of HML are returns with about the same weighted-average size so that the returns of HML should be largely free of the size factor in returns. The correlations of the factor portfolios are displayed in Table 6 . Given the low correlations, none of the factors is orthogonalized before being used as regressors. We estimate the performance measurement model with panel-corrected standard errors (PCSE).
For international equities, we adopt an additional model of performance measurement to capture potential currency effects. For this purpose, we draw on the model of Cumby and Glen (1990) . Instead of using a trade-weighted currency index, we expand the three-factor model of Fama and French by exchange rate factors. Since each of the currencies USD, EUR, JPY, and GBP represent between 10% and 50%, and all four currencies in total about 90% of the MSCI World Index, we incorporate these four currencies in our model. The loadings on the currency factors may reveal some information on the currency allocation. All currency returns are orthogonalized before being used as regressors. 
Limitations of Performance Measurement Models
Performance measurement models have certain limitations that can affect the interpretation of the empirical results. First, empirical results might be biased due to omitted variables. A low adjusted R 2 is an indicator for omitted variables. As shown in Section 6, the explanation content of the applied asset pricing models is comparatively high. Therefore, the missing factor bias in our empirical results is expected to be rather small. Since we do not expect pension funds and investment foundations to have negative exposures to potential missing systematic risk factors, the alphas tend to be overestimated in case of missing variables. Thus, the missing variable bias seems to be relevant, in particular, in case of an outperformance.
A second limitation are potential measurement errors in the variables. The indices used for the factor portfolios have weightings that may differ substantially from those of pension funds and investment foundations in the sample. This issue is of relevance, in particular, to international bonds and equities. Unfortunately, we have no information on the applied benchmark indices and on the effective asset allocation of the pension funds and investment foundations in the sample. To cope with potential measurement errors, at least to a certain extent, we include exchange rate factors in the performance measurement models for international assets. A frequent source of measurement errors are the variables representing the market risk of equities and bonds if the applied benchmark index does not reflect the effective investment strategy. However, the benchmark indices we apply for domestic bonds, domestic equities, and international equities are the standard indices used widely by pension funds and investment foundations. In contrast, for international bonds there is no such standard index. To address this issue, we apply additional benchmark indices to international bonds and compare the results.
Time-varying factor exposures might also lead to biased results of the performance analysis. Fundamental variations in the investment strategy, such as a shift from a value to a growth style, lead to such time-varying factor exposures. To better understand whether this issue materializes in our sample we verify the persistence of the investment strategy in Section 7 by splitting the period of investigation into sub-periods. The comparison of factor loadings reveals information on potential variations in the investment strategy.
Finally, the use of derivatives by pension funds and investment foundations in the sample might lead to non-normally distributed returns and therefore biased results. However, the statutory investment regulations strictly limit the use of derivatives. In fact, pension funds and investment foundations use derivatives 21 Based on the estimate described in Section 4, average annual costs of asset management and fund administration are assumed to be 32 basis points.
mainly to hedge against currency risks. We try to address this issue, at least to a certain extent, by expanding our international performance measurement models by exchange rate factors.
Empirical Results
In this section we present the results of the performance analysis for pension funds' and investment foundations' domestic and international bond and stock holdings. Table 7 reports the results of the panel regression for domestic bonds based on the four-factor model described in the previous section. From 1996 to 2006, the sample includes a total of 3,941 monthly returns of pension funds and 1,177 monthly returns of investment foundations. The positive, but statistically not significant intercepts in Panel A of Table 7 indicate no systematic superior performance of pension funds and investment foundations before costs. However, looking at individual pension funds and investment foundations, there are outperformers in the sample: 10.20% of pension funds and 7.69% of investment foundations significantly outperform the benchmark. On the other hand, 20.41% of pension funds and 7.69% of investment foundations show a significant underperformance relative to the benchmark. Furthermore, for investment foundations, we find a significant annual average underperformance of -0.264% net of costs for asset management and fund administration as shown in Panel B. If the costs of pension funds for asset management and fund administration are assumed to be of comparable magnitude
Domestic Bonds
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, an underperformance of -0.290%, which is significant at the 1% level, is estimated for pension funds. Thus, the null hypothesis of neither significant outperformance nor underperformance is rejected both for pension funds and investment foundations.
The results in Table 7 allow for an assessment of the active and passive nature of bond portfolio management given our benchmark model. As indicated by the RBMRF coefficients, pension funds exhibit significantly less bond market risk than investment foundations. While the loading on RBMRF is smaller than 1 at a 1% level of significance for pension funds, the coefficient for investment The results are reported gross (Panel A) and net of costs (Panel B). The regression is based on the four-factor model described in Section 5. T-statistics, based on panel-corrected standard errors (PCSE), are reported in parentheses. Alpha is the outperformance or underperformance relative to the benchmark. Alpha (sign) and Alpha (sign-) represent the share of pension funds and investment foundations with a significant outperformance and underperformance respectively (10 percent, 5 percent or 1 percent level of significance). RBMRF is the excess return of the Swiss Bond Index. The t-statistics of RBMRF indicate whether the coefficient is significantly different from 1. RSMRF is the excess return of the Swiss Performance Index. TERM is the return on the Citigroup World Government Bond Index Switzerland 10Y minus the return on the Citigroup World Government Bond Index Switzerland 1-3Y. DEFT is defined as the average of the returns on the SBI Domestic NonGovernment and the SBI Foreign Corporate minus the average of the returns on the SBI Domestic Government and the SBI Foreign Government. foundations is not significantly different from 1. This is a first indication that investment foundations have remained rather close to the Swiss Bond Index in the period of investigation. This argument is supported when comparing the adjusted R 2 of the regressions for pension funds and investment foundations. For pension funds, the regression analysis shows an adjusted R 2 of 0.785 and 0.929 for investment foundations. Consequently, pension funds seem to have followed a relatively active investment approach for domestic bonds. In contrast, investment foundations seem to have followed a more passive investment strategy if measured by our four-factor benchmark. This is a rather surprising outcome since only 1 out of 13 investment foundations in our sample follows a passive investment strategy according to the official product descriptions.
Finally, the performance measurement model can be interpreted as performance attribution model, where the coefficients on the factor-mimicking portfolios TERM and DEFT reveal information about two elementary investment decisions of bond portfolio management: namelylong-term versus short-term maturities and corporate versus government bonds. The positive loadings on TERM, significant at the 1% level, indicate that both pension funds and investment foundations have on the average a leaning towards long-term maturities. Similarly, the significantly negative loading on DEFT reveals an average tendency of investment foundations towards government bonds across the entire period of investigation. Surprisingly, we are unable to ascertain any such government bond tilt for pension funds. Therefore, the effect of the statutory investment regulations is not as expected for pension funds.
Given the high explanatory power of the applied model and the fact that we find a significant underperformance both for pension funds and investment foundations, the missing variable bias should be of minor importance for domestic bonds. The issue of time-varying factor exposures is addressed in Section 7.2.
International Bonds
The performance analysis of international bonds is based on a shortened reference period from January 2001 to June 2006 because historical data on some global bond indices used for the construction of the factor portfolios is not available until the year 2001. As a result, the sample for international bonds includes 2,565 monthly returns of pension funds and 691 monthly returns of investment foundations. Table 8 reports the results of the performance analysis based on the four-factor benchmark without exchange rate factors. As indicated by Panel A, we find a significant annual average (gross) outperformance of 1.247% for pension funds and The results are reported gross (Panel A) and net of costs (Panel B). The regression is based on the four-factor model described in Section 5. T-statistics, based on panel-corrected standard errors (PCSE), are reported in parentheses. Alpha is the outperformance or underperformance relative to the benchmark. Alpha (sign) and Alpha (sign-) represent the share of pension funds and investment foundations with a significant outperformance and underperformance respectively (10 percent, 5 percent or 1 percent level of significance). RBMRF is the excess return of the Lehman Global Aggregate Bond Index. The t-statistics of RBMRF indicate whether the coefficient is significantly different from 1. RSMRF is the excess return on the MSCI World Index. TERM represents the risk of unexpected changes in interest rates and is the return on the Citigroup World Government Bond Index 10Y minus the return on the Citigroup World Government Bond Index 1-3Y. DEFT represents the default risk and is defined as the average of the returns on the Lehman Global Corporate Index minus the return on the Lehman Globlal Treasury Index. The results are reported gross (Panel A) and net of costs (Panel B). The regression is based on the expanded factor model including exchange rate returns. USD, EUR and JPY represent these exchange rate returns. T-statistics, based on panel-corrected standard errors (PCSE), are reported in parentheses. Alpha is the outperformance or underperformance relative to the extended benchmark including currency returns. Alpha (sign) and Alpha (sign-) represent the share of pension funds and investment foundations with a significant outperformance and underperformance respectively (10 percent, 5 percent or 1 percent level of significance). RBMRF is the excess return of the Lehman Global Aggregate Bond Index. RSMRF is the excess return on the MSCI World Index. TERM represents the risk of unexpected changes in interest rates and is the return on the Citigroup World Government Bond Index 10Y minus the return on the Citigroup World Government Bond Index 1-3Y. DEFT represents the default risk and is defined as the average of the returns on the Lehman Global Corporate Index minus the return on the Lehman Globlal Treasury Index. 22 Based on the estimate for investment foundations described in Section 4, average annual costs of asset management and fund administration are assumed to be 46 basis points. 23 All currency returns are orthogonalized before being used as regressors. 0.737% for investment foundations. As shown in Panel B, the outperformance of pension funds remains significant even if the costs of asset management and fund administration are considered 22 . In contrast, for investment foundations, we find no significant outperformance or underperformance net of costs.
Alpha
As indicated by the RBMRF coefficients in Table 8 , both pension funds and investment foundations exhibit significantly less bond market risk than the Lehman Global Aggregate Bond Index. In combination with an adjusted R 2 of 0.756 for pension funds and 0.897 for investment foundations, it can be concluded that pension funds in particular follow a rather active investment approach for international bonds given our benchmark model.
The interpretation of the factor model as performance attribution model enables us to draw some conclusions on the investment style. It seems that both pension funds and investment foundations follow the same investment style for international bonds than for domestic bonds. The positive loadings on TERM, significant at the 1% level, indicate a tilt towards long-term maturities of pension funds and investment foundations. Concerning the decision corporate versus government bonds, we find a tendency towards government bonds for investment foundations indicated by the negative loading on DEFT significant at the 1% level. In contrast, for pension funds, we find no statistically significant loading on DEFT and therefore no tendency towards corporate or government bonds.
It must be pointed out, however, that the indices used for the factor portfolios have country and currency weightings that can differ substantially from those of pension funds and investment foundations in the sample (measurement error). For example, the Lehman Global Aggregate Bond Index consists of about 38% USD, 33% EUR, and 17% JPY as of mid-year 2006. Although we have no information on the exact currency allocation, pension funds and investment foundations are likely to hold more EUR at the expense of the USD compared to the Lehman Global Aggregate Bond Index. In order to cope with strongly differing country and currency allocations, we extend the four-factor model by the currency returns on the USD, the EUR, and the JPY 23 . Significant loadings on the exchange rate factors can indicate overweighting or underweighting of specific currencies relative to the four-factor benchmark. However, it must be pointed out that significant currency factor loadings could also be due to omitted variables that are highly correlated with the currency returns. 
P. Morgan Global Broad Index (GBI)
The results are reported gross (Panel A) and net of costs (Panel B). The regression is based on the expanded factor model including exchange rate returns. USD, EUR and JPY represent these exchange rate returns. T-statistics, based on panel-corrected standard errors (PCSE), are reported in parentheses. Alpha is the outperformance or underperformance relative to the extended benchmark including currency returns. Alpha (sign ) and Alpha (sign-) represent the share of pension funds and investment foundations with a significant outperformance and underperformance respectively (10 percent, 5 percent or 1 percent level of significance). RBMRF is the excess return of the JP Morgan GBI Global Broad Index. RSMRF is the excess return on the MSCI World Index. TERM represents the risk of unexpected changes in interest rates and is the return on the Citigroup World Government Bond Index 10Y minus the return on the Citigroup World Government Bond Index 1-3Y. DEFT represents the default risk and is defined as the average of the returns on the Lehman Global Corporate Index minus the return on the Lehman Globlal Treasury Index. The results of the panel regression for international bonds based on the extended benchmark model are reported in Table 9 . As shown in Panel A, the intercepts are smaller but still positive. However, only the outperformance of pension funds remains significant before the deduction of costs for asset management and fund administration. With costs under consideration, we find no superior performance of pension funds and investment foundations as shown in Panel B. Therefore, the null hypothesis of neither outperformance or underperformance cannot be rejected.
The currency factors in the extended benchmark model allow for additional conclusions. The highly significant loadings on USD and EUR are likely to indicate an overweighting or underweighting of these currencies relative to the four-factor benchmark. Especially an overweighting of the EUR relative to the Lehman Global Aggregate Bond Index would not be surprising for Swiss pension funds. Finally, the loading on JPY is statistically not significant indicating that the JPY has been neutrally weighted.
The loadings on RBMRF, RSMRF and TERM do not change substantially compared to the benchmark model without currency factors. In contrast, the loading on DEFT is negative and statistically significant not only for investment foundations but now also for pension funds indicating a tendency towards government bonds. It seems that both pension funds and investment foundations hold more government bonds compared to the Lehman Global Aggregate Bond Index. Thus, we find some support for the initial hypothesis on the impact of the legal investment regulations on the investment strategies of pension funds and investment foundations.
Given this finding and the rather low EUR weighting of the Lehman Global Aggregate Bond Index, we test the robustness of our analysis by applying the JP Morgan GBI Global Broad Index. This index consists of government bonds only and has a currency allocation of about 20% USD, 40% EUR, and 26% JPY as of mid-year 2006. Table 10 reports the results of the panel regression based on the extended benchmark model with the JP Morgan GBI Global Broad Index. We find an annual (net) outperformance of 0.420% for pension funds significant at the 10% level. In contrast, the null hypothesis of neither outperformance nor underperformance can still not be rejected for investment foundations.
The higher loadings on RBMRF seem to confirm the hypothesis that the JP Morgan GBI Global Broad Index is closer to the effective country and currency allocations of the bond portfolios in the sample. This reasoning is supported by the loadings on the USD that are now only significant for pension funds (10% level of significance). In contrast, the loadings on the EUR are still positive and 24 Based on the estimate for investment foundations described in Section 4, average annual costs of asset management and fund administration are assumed to be 57 basis points.
significant at the 1% level both for pension funds and investment foundations indicating an overweighting or underweighting of the EUR relative to the four-factor benchmark model. An overweighting of the EUR would still not be surprising and may potentially explain the superior performance of pension funds. Finally, as expected, the loadings on DEFT turned positive because the bond market factor is now represented by an index consisting of government bonds only. We further investigate the robustness of the results for international bonds by applying a second government bond index, the Citigroup World Government Bond Index. We obtain results similar to that of the benchmark model with the JP Morgan GBI Global Broad Index. This is an indication that the results of the performance analysis for investment foundations are robust. The null hypothesis of neither outperformance nor underperformance cannot be rejected for investment foundations. On the contrary, the results of the performance analysis for pension funds depend on the benchmark model. The positive and statistically significant intercepts in two of three cases can be interpreted as an indication of the superior skills of security selection and timing by pension funds. However, an outperformance due to a missing variable bias cannot be excluded, even though the information content of all applied models is comparatively high.
Domestic Equities
The results of the panel regression for domestic equities based on Fama and French's three-factor model are shown in Table 11 . From 1996 to 2006, the sample consists of 4,052 pension fund months and 1,382 investment foundation months. For investment foundations, we find no significant outperformance or underperformance. In contrast, for pension funds, we find a significant underperformance. Pension funds underperform the three-factor benchmark with an average of -0.588% per annum, as shown in Panel A. It must be pointed out that this underperformance is calculated before costs. If costs for asset management and fund administration are considered 24 , the average annual underperformance surges to -1.155% and is significant at the 1% level (Panel B).
As observed already for bond holdings, pension funds exhibit less market risk than investment foundations. Although RSMRF is statistically significantly different from 1 only for pension funds, it seems that both pension funds and investment foundations have remained rather close to the Swiss Performance Index. This hypothesis is supported by the rather high adjusted R 2 . Thus, both pension funds and investment foundations seem to follow a rather passive investment strategy for domestic equities given the three-factor benchmark. Again, this is a surprising result especially for investment foundations because only 2 of the 13 investment foundations in the sample explicitly follow a passive investment strategy according to the official product descriptions. Finally, Fama and French's three-factor model can be interpreted as a performance attribution model since the loadings on the factor-mimicking portfolios SMB and HML contain information about two fundamental investment decisions, namely large versus small market capitalization and value versus growth stocks. Small caps tend to have a positive loading on SMB, while large caps tend to have a negative loading. Similarly, a positive loading on HML indicates a value style and a negative loading indicates a growth tilt. As shown in Table 11 , pension funds seem to prefer small caps as well as growth stocks with low book-tomarket equity. The factor loadings on SMB are significant at the 5% level and the factor loadings on HML at the 1% level. In contrast, investment foundations seem to prefer large caps and value stocks. Again, the factor loadings are highly significant. Thus, the effect of the statutory investment regulations is again not as expected for pension funds.
Given the high explanation content of the applied model and the fact that we find no significant outperformance both for pension funds and investment foundations, the missing variable bias should also be of limited importance for domestic equities. The issue of time-varying factor exposures is addressed in Section 7.2.
International Equities
The performance analysis of international equities is based on a sample of 3,640 monthly returns of pension funds and 1,162 monthly returns of investment foundations from 1996 to 2006. Table 12 reports the results of the panel regression based on Fama and French's three-factor model. The negative, but statistically not significant intercepts in Panel A indicate no superior performance of pension funds and investment foundations. Examining individual results, however, we find no outperformers in the sample. Furthermore, net of costs, we find a significant average annual underperformance of -1.040% for investment foundations. For The results are reported gross (Panel A) and net of costs (Panel B). The regression is based on Fama and French's three-factor model. T-statistics, based on panel-corrected standard errors (PCSE), are reported in parentheses. Alpha is the outperformance or underperformance relative to this three-factor benchmark. Alpha (sign) and Alpha (sign-) represent the share of pension funds and investment foundations with a significant outperformance and underperformance respectively (10 percent, 5 percent and 1 percent level of significance). RSMRF is the excess return of the MSCI World Index. The t-statistics of RSMRF indicate whether the coefficient is significantly different from 1. SMB is the difference between the average of the returns on the two small cap indices EMI Growth and EMI Value and the average of the returns on the two large cap indices PMI Growth and PMI Value. HML is the difference between the average of the returns on the two value indices PMI Value and EMI Value and the average of the returns on the two growth indices PMI Growth and EMI Growth. The results are reported gross (Panel A) and net of costs (Panel B). The regression is based on the extended Fama and French factor model including exchange rate returns. USD, EUR, JPY and GBP represent these exchange rate returns. T-statistics, based on panel corrected standard errors (PCSE), are reported in parentheses. Alpha is the annualized outperformance or underperformance relative to the extended benchmark model including currency returns. Alpha (sign) and Alpha (sign-) represent the share of pension funds and investment foundations with a significant outperformance and undperformance respectively (10 percent, 5 percent or 1 percent level of significance). RSMRF is the excess return of the MSCI World Index. SMB is the difference between the average of the returns on the two small cap indices EMI Growth and EMI Value and the average of the returns on the two large cap indices PMI Growth and PMI Value. HML is the difference between the average of the returns on the two value indices PMI Value and EMI Value and the average of the returns on the two growth indices PMI Growth and EMI Growth. pension funds, we find a significant underperformance after the deduction of asset management and administration costs 25 of -1.609%, significant at the 1% level. As indicated by the RSMRF coefficients, both pension funds and investment foundations exhibit significantly less market risk than the MSCI World Index. However, looking at the adjusted R 2 of 0.927 for pension funds and 0.952 for investment foundations, it seems that pension funds and investment foundations have remained quite close to the four-factor benchmark. In the light of only one investment foundation investing passively according to the official product descriptions, this is a similarly surprising finding as for the other asset classes.
According to the loadings on SMB and HML in Table 12 , both pension funds and investment foundations seem to prefer small caps and growth stocks. For pension funds and investment foundations, the factor loadings are both significant at the 1% level. Thus, pension funds seem to follow the same investment style for international equities as for domestic equities, whereas investment foundations seem to follow different investment strategies for domestic and international equities. Again, the effect of the statutory investment regulations is not as expected.
As already done before, we extend our benchmark model with exchange rate returns to account for country and currency allocations different from the threefactor benchmark. Significant loadings on the currency factors can indicate overweighting or underweighting of specific currencies relative to the three-factor benchmark. Table 13 reports the results of the panel regression for international equities based on the extended benchmark model. We find a significant underperformance of pension funds even before costs of asset management and administration are considered. The average annual net underperformance of pension funds and investment foundations is confirmed by the extended benchmark model. The currency factors do not reveal much additional information. None of the currency factors is significant and the adjusted R 2 is almost the same compared to the three-factor model. It therefore seems that the USD, the EUR, the JPY and the GBP were neutrally weighted in relation to the benchmark model.
Given the high explanatory power of the model applied and the fact that we find a significant underperformance both for pension funds and investment foundations, the missing variable bias should be of limited importance for international equities. The issue of time-varying factor exposures is addressed in the following section. The bond portfolios of pension funds and investment foundations are sorted on January 1st of each year into equally-weighted sextile portfolios based their alphas over the prior three years. We apply the benchmark models described in Section 5. Panel A reports the results for domestic bonds, Panel B for international bonds. The regression for international bonds is based on the extended benchmark model including exchange rate factors. The international bond market is represented by the Lehman Global Aggregate Bond Index. Alpha is the annualized (p.a.) or monthly outperformance or underperformance relative to the benchmark. Alpha s.e. represents the standard error of the monthly alpha. Lower and upper bound of a 95 percent confidence intervall are reported for the monthly alpha.
Alpha ( The equity portfolios of pension funds and investment foundations are sorted on January 1st of each year into equally-weighted sextile portfolios based their alphas over the prior three years. We apply the benchmark models described in Section 5 
Persistence Analysis
In this section, we verify if there is persistence in the performance and in the investment strategies of Swiss pension funds and investment foundations.
Persistence of Investment Performance
Even though we find no significantly superior performance of pension funds and investment foundations in three out of four asset classes on the whole, there are outperformers in each asset class except for international equities. An obvious question to ask is now whether pension funds and investment foundations that have performed well in prior periods can repeat this outperformance in subsequent periods. Since we focus on individual asset classes in our analysis, this query is synonymous to the question whether pension fund trustees are able to identify (internal and external) asset managers that consistently outperform the benchmark on a risk-adjusted basis. Previous research on persistence in the performance of pension funds focuses on the U.K. and the U.S. Beebower and Bergstrom (1977) were among the first to analyze the persistence in the performance of pension funds. They find persistence in the performance of U.S. pension funds' equity portfolios. Brown, Draper and McKenzie (1997) and Blake, Lehmann and Timmermann (1997) confirm these findings for U.K. pension funds. Based on a sample of pension funds that retained a single asset manager across the entire period of investigation, they find persistence in the performance of pension funds' equity holdings, albeit only on a limited scale. Tonks (2005) argues that focusing only on pension funds with the same single manager may underestimate the true degree of persistence since the survivorship criteria for asset managers most likely depend on past investment performance. Using a data sample with less survivorship bias, he finds strong evidence of persistence in the performance of fund managers at the 1-year time horizon but weaker evidence over longer horizons. Little research has been done on persistence in the performance of Swiss pension funds. Ammann, Haeller and von Wyss (2002) investigate the persistence in the performance of six Swiss investment foundations. In contrast to the research on U.K. and U.S. pension funds, they find no evidence of persistence in the performance of Swiss investment foundations. 27 We apply the benchmark models described in Section 5. For international bonds and international equities we use the extended benchmark models with exchange rate factors.
Following Carhart (1997) , we sort pension funds and investment foundations on January 1st of each year from 1996 to 2006 26 into equally-weighted sextile portfolios based on their alphas estimated over the prior three years 27 . A minimum of 24 observations is required for this estimation. Pension funds and investment foundations with the highest alpha are contained in portfolio 1 for the subsequent 1-year period. In contrast, pension funds and investment foundations with the lowest alpha are contained in portfolio 6 for the subsequent 1-year period. To demonstrate persistence in the performance, portfolio 1 must outperform at least portfolio 6. Table 14 reports the results of the persistence analysis for pension funds' and investment foundations' bond portfolios. As shown in Panel A for domestic bonds, the top sextile portfolio outperforms the other portfolios by only 2 to 3 basis points per month -a difference of far less than two standard errors. Thus, we find no significant persistence in the performance of domestic bonds. Panel B shows, for international bond portfolio 1, an alpha that is only about 1 basis point per month. Thus, the monthly alphas of the other portfolios are covered by the 95% confidence interval of portfolio 1's alpha. There is no evidence of persistence in the performance of pension funds' and investment foundations' international bond holdings.
The results of the performance analysis for domestic (Panel A) and international equities (Panel B) are displayed in Table 15 . For domestic equities, we find an outperformance of portfolio 1 relative to the bottom sextile portfolio. However, the monthly performance difference of 0.11% is statistically not significant. Similarly, the top sextile international equity portfolio even shows an alpha that is below the bottom sextile portfolio. Therefore, we are able to conclude that there is no evidence of persistence in the performance of pension funds' and investment foundations' equity holdings.
Past performance therefore seems to be a poor way of identifying outperforming pension funds. Pension fund trustees do not seem to be able to select (internal and external) asset managers that consistently outperform the benchmark. On the one hand, it could be argued that pension fund trustees should improve their (asset) manager selection process. A clear and transparent selection process implies among other things a detailed catalogue of criteria for the evaluation of asset managers. On the other hand, it remains an open question if constantly outperforming asset managers can be identified in advance. Furthermore, manager selection is just one of numerous aspects of pension fund governance.
Persistence of Investment Strategies
We used the performance measurement models in the previous section to draw some conclusions regarding the investment strategies of the pension funds and investment foundations in the sample. Significant factor loadings reveal information on the average investment strategy over the entire period of investigation. However, investment strategies may vary over time and, as a result, the regression intercepts may be biased. Therefore, we verify the persistence of investment strategies in this section. The initial period of investigation is therefore split into two sub-periods of equal length for this purpose and the same multi-factor models as in Section 6 are applied.
For domestic bonds we show that both pension funds and investment foundations seem to be positioned at the long end of the yield curve and that investment foundations show a tendency towards government bonds over the entire period of investigation. Table 16 shows the results of the performance analysis for the two sub-periods from January 1996 to March 2001 and from April 2001 to 2006. On the whole, we find no fundamental shift of the investment strategies. However, for investment foundations we find a tendency towards government bonds only in the first sub-period. In contrast, in the second sub-period there seems to be no clear tendency towards government or corporate bonds. Pension funds, in turn, seem to be positioned at the long end of the yield curve only in the second sub-period. In the first sub-period they have a tilt towards government bonds, whereas there is no significant tendency over the entire period of investigation.
According to our performance analysis of international bonds, both pension funds and investment foundations are on average positioned at the long end of the yield curve and have a tilt towards government bonds. For investment foundations, we find indications for this investment strategy in both sub-periods, as shown in Table 17 . Pension funds also show a tendency towards long-term maturities in both sub-periods. However, a significant tilt towards government bonds is only found in the second sub-period.
For domestic equities, pension funds and investment foundations seem to follow different investment strategies. Over the entire period of investigation pension funds seem to prefer small caps as well as growth stocks, whereas investment foundations show a tendency towards large caps and value stocks. Again, we find no fundamental strategy shift between the two sub-periods. However, we find a significant occurrence only in one of the two sub-periods, as shown in Table 18 .
Finally, Table 19 reports the results of the persistence analysis for international equities. Over the period from 1996 to 2006 both pension funds and investment foundations follow the same investment strategy in this asset class. As over the entire period of investigation, pension funds prefer small caps and growth stocks in both sub-periods. Investment foundations, in contrast, show a significant tendency towards small caps and growth stocks only in one of the two sub-periods. Summarizing, we find no indications of fundamental strategy shifts. However, pension funds and investment foundations seem to show a clear positioning only for a limited period of time. In the remaining time, they do not take an offsetting but a neutral position. Since we find no fundamental strategy variations, our empirical results should not be biased due to time-varying factor exposures.
Conclusion
In this article we investigate the performance of domestic and international bond and equity portfolios of Swiss pension funds and investment foundations. For Swiss pension funds, we find indications for superior skills of security selection and timing only in international bond management. On the other hand, the performance of the other asset classes lags behind the risk-adjusted benchmark returns. The underperformance of equities is significant even before the deduction of any costs for asset management and fund administration. Our investigations therefore corroborate the findings of previous research on the performance of U.K. and U.S. pension funds.
Swiss pension funds seem to follow a more active investment approach than investment foundations. However, the contribution of the more active asset management of pension funds seems to be negative. With the exception of international bonds, the risk-adjusted performance of the more passively positioned investment foundations tends to be higher than the performance of pension funds. Nevertheless, we find a significant underperformance net of costs also for investment foundations' domestic bonds and international equities, whereas for international bonds and domestic equities the null hypothesis of neither significant outperformance nor underperformance cannot be rejected.
We find no evidence that the risk-adjusted performance of pension funds' and investment foundations' international asset classes is lower than the performance of domestic asset classes. This contradicts the findings of previous research.
The interpretation of the factor models as performance attribution models provides some indications of the investment strategies of pension funds and investment foundations. Pension funds seem to follow the same investment strategy for domestic and international equities. Perhaps not as expected, they seem to prefer small caps and growth stocks. In contrast, investment foundations seem to follow different investment strategies for domestic and international equities. For domestic equities, they prefer large caps and value stocks. For international stocks, they follow the same strategy as pension funds. We find a growth tilt and a tendency towards small capitalization stocks.
Even though there is only little evidence for superior performance, there are outperforming pension funds and investment foundations in each of the four asset classes. However, we find no evidence of persistence in the performance of pension funds and investment foundations. Thus, pension fund trustees seem barely able to select asset managers that consistently outperform the benchmark. This contradicts the findings of previous research on the persistence of U.K. and U.S. pension funds. Although we find no evidence of persistence, Swiss pension funds do not seem to do worse than the U.K. or U.S. pension funds. Tonks, I. (2005) , "Performance Persistence of Pension-Fund Managers", Journal of Business, 78, pp. 1917 Business, 78, pp. -1942 .
SUMMARY
We investigate the performance of domestic and international bond and equity portfolios of Swiss pension funds and investment foundations over the period of 1996 to 2006. Our sample consists of 73 pension funds and 13 investment foundations with total assets of more than CHF 200 billion. We find some indications for superior skills of security selection and timing by pension funds in international bond management even net of costs for asset management and fund administration. In contrast, we find a significant net underperformance for domestic bonds, domestic equities and international equities. For investment foundations, we find a significant net underperformance for domestic bonds and international equities, whereas for international bonds and domestic equities the null hypothesis of neither significant outperformance or underperformance cannot be rejected. Finally, we find no evidence of persistence in the performance of Swiss pension funds and investment foundations.
